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Abstract. We study the different linear collider modes with regard to the determination
of the gaugino mass parameterM1. In a specific mSUGRA inspired scenario we compare
four processes with polarized beams: (a) e+e− → χ˜01χ˜02 → χ˜01χ˜01e+e−, (b) e−γ → χ˜01e˜L/R
→ χ˜01χ˜01e−, (c) γγ → χ˜+1 χ˜−1 → χ˜01χ˜01e+e−νeν¯e, (d) e−e− → e˜−L/Re˜−L/R → χ˜01χ˜01e−e−.
INTRODUCTION
After discovering supersymmetry it will be particularly important to measure the
parameters of the underlying supersymmetric model at a linear collider [1]. In the
Minimal Supersymmetric Standard Model (MSSM) the neutralino sector depends
on the U(1) and SU(2) gaugino mass parameters M1 and M2, the higgsino mass
parameter µ and the ratio tan β of the vacuum expectation values of the Higgs fields.
For the gaugino mass parameters usually the GUT relation M1 = 5/3 tan
2 θW ×M2
is assumed. We relax this relation and present for processes in the four different
linear collider modes a comparative study of the M1 dependence of the production
of supersymmetric particles with subsequent leptonic decay. Beam polarization and
complete spin correlations between production and decay are included. We discuss
the possibility to determine the gaugino mass parameter M1 and, combined with
measurements from the chargino sector, to test the GUT relation between M1 and
M2. In the following a mSUGRA inspired scenario is assumed with M2 = 152 GeV,
µ = 316 GeV and tanβ = 3, which leads to a gaugino-like LSP χ˜01 [2].
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NEUTRALINO PAIR PRODUCTION IN E+E−
ANNIHILATION
In fig. 1a the total cross sections σe and in fig. 1b the forward-backward asym-
metries AFB of the decay electron of the process e
+e− → χ˜01χ˜02 → χ˜01χ˜01e+e− for√
s = mχ˜01 +mχ˜02 + 30 GeV and selectron masses me˜R = 161 GeV and me˜L = 176
GeV are shown for various configurations of beam polarization [3]. Beam polariza-
tion strongly enlarges the sensitivity of both observables to M1. The cross sections
allow to constrain M1 with ambiguities, which can be resolved by measuring AFB.
Since |Pe−| = 85%, |Pe+| = 60% enhances σe by about a factor 3, the statistical
errors for the observables are reduced by more than 40% [4]. As can be seen in
[3] M1 can also be determined by measuring polarization asymmetries of the cross
section.
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FIGURE 1. Total cross sections σe (a) and forward-backward asymmetries AFB (b) of the decay
electron for e+e− → χ˜01χ˜02 → χ˜01χ˜01e+e− for unpolarized beams and for longitudinal electron
(positron) polarizations Pe− = ±85% (Pe+ = ±60%) at
√
s = mχ˜0
1
+mχ˜0
2
+30 GeV. The polarization
is denoted as (sign(Pe−), sign(Pe+)).
ASSOCIATED PRODUCTION OF SELECTRONS AND
NEUTRALINOS IN E−γ SCATTERING
Due to the large cross sections for a gaugino-like χ˜01, the process e
−γ → χ˜01e˜L/R →
χ˜01χ˜
0
1e
− offers an interesting possibility to access the gaugino mass parameter M1.
High energetic photon beams are obtained by Compton backscattering of laser beams
off one of the electron beams of a linear collider. Both the energy spectrum and
the mean helicity of the high energetic photons sensitively depend on the longitu-
dinal polarization Pe2 of the converted electrons and the circular polarization λL of
the laser photons [5]. In addition the longitudinal polarization Pe1 of the colliding
electron beam can be used to enhance the contribution of right and left selectrons,
respectively. The total cross section σee in the laboratory frame, obtained by convo-
luting the eγ cross section with the energy distribution of the high energetic photons,
is shown in fig. 2 for
√
see = 500 GeV and different polarizations of the electron
beams and the laser photons. For all polarization configurations the cross sections
in our scenario are larger than those for e+e− → χ˜01χ˜02 → χ˜01χ˜01e+e−, fig. 1. For 40
GeV < M1 < 170 GeV high cross sections are obtained for Pe1 = Pe2 = 80% and
for both right and left circularly polarized laser photons, λL = ±100% (fig. 2a),
so that in this region M1 can be measured with small statistical errors. Although
being somewhat smaller the cross sections for Pe1 = Pe2 = −80% and λL = ±100%,
fig. 2b, significantly depend onM1 up to 300 GeV. Ambiguities in the cross sections
can easily be resolved by measuring polarization asymmetries [6].
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FIGURE 2. Total cross sections σee of e
−γ → χ˜01e˜L/R → χ˜01χ˜01e− for
√
see = 500 GeV,
me˜R = 137.7 GeV and me˜L = 179.3 GeV and for different polarizations Pe1 = ±80%, Pe2 = ±80%
and λL = ±100%. The polarizations are denoted as (sign(Pe1), sign(Pe2), sign(λL)). The shaded
area is excluded for mχ˜0
1
> 35 GeV.
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FIGURE 3. Total cross sections σee (a) and forward-backward asymmetry AFB (b) of
γγ → χ˜+1 χ˜−1 → χ˜01χ˜01e+e−νeν¯e for
√
see = 1000 GeV, Pe1 = 80% = −Pe2 and unpolarized laser
photons. Black: mν˜e = 164.2 GeV, me˜L = 179.3 GeV. Red: mν˜e = 342.5 GeV, me˜L = 350.0 GeV.
CHARGINO PAIR PRODUCTION IN γγ SCATTERING
In the pair production of charginos in photon collisions only pure QED couplings
enter. Since mχ˜±1
is independent of M1, the process γγ → χ˜+1 χ˜−1 → χ˜01χ˜01νeν¯ee+e−
reflects the M1 dependence of the leptonic three body decay of the charginos [7]. In
fig. 3a the M1 dependence of the convoluted cross section σee is shown at
√
see =
1000 GeV for unpolarized laser photons and longitudinal polarizations Pe1 = 80%
and Pe2 = −80% of the converted electron beams. Due to the large cross sections this
polarization configuration leads to small statistical errors for the forward-backward
asymmetry AFB of the decay electrons. For the selectron mass and the sneutrino
mass we have choosen me˜L = 179.3 GeV, mν˜e = 164.2 GeV and me˜L = 350.0 GeV,
mν˜e = 342.5 GeV. In both cases the M1 dependence of the total cross section (fig.
3a) is rather weak. For M1 < 50 GeV the two body decay χ˜
±
1 → W±χ˜01 dominates
by far. Also for M1 > 90 GeV the cross sections are quite flat, so that only for
small selectron and sneutrino masses and in the region 50 GeV < M1 < 90 GeV the
cross section shows a moderate M1 dependence. The forward-backward asymmetry
AFB, fig. 3b, turns out to be more sensitive on M1. If AFB > 2% can be measured
with good accuracy, it allows to determine M1 up to 150 GeV for the small slepton
masses and up to 90 GeV for the heavy slepton scenario.
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FIGURE 4. (a) Neutralino masses as a function of M1; (b) Total cross sections σee of the
process e−e− → e˜−L/Re˜−L/R → χ˜01χ˜01e−e− for
√
s = 500 GeV, longitudinal beam polarizations
Pe1 = Pe2 = 80% and selectron masses me˜R = 137.7 GeV, me˜L = 179.3 GeV. Red: contribution of
e˜Re˜R production and decay.
SELECTRON PAIR PRODUCTION IN E−E−
SCATTERING
In the process e−e− → e˜−L/Re˜−L/R → χ˜01χ˜01e−e− both selectron production and
decay depends on M1. Pair production of selectrons proceeds via t- and u-channel
exchange of all four neutralinos. Since - depending on the respective region - the mass
and the couplings of at least one of the exchanged neutralinos significantly depend
on M1 (fig. 4a), one expects that also the cross section of the combined process
is sensitive to M1 over a large region. In fig. 4b the M1 dependence of the cross
sections for production and subsequent leptonic decay of the selectrons is shown at√
s = 500 GeV for longitudinal beam polarization Pe1 = Pe2 = +80% and selectron
masses me˜R = 137.7 GeV, me˜L = 179.3 GeV. Also depicted is the contribution of the
production channel e˜Re˜R, which is by far dominating for right-polarized electrons.
The cross section shows a significant M1 dependence in the whole region 40 GeV
< M1 < 1000 GeV with one ambiguity for M1 < 250 GeV and M1 > 250 GeV in
our scenario. For left-polarized electrons, Pe1 = Pe2 = −80%, the cross sections,
dominated by the e˜Le˜L channel, are about one order of magnitude smaller in our
scenario. They show an additional ambiguity in the region 40 GeV < M1 < 250
GeV. Particularly due to the larger cross sections right-polarized electron beams are
more suitable for constraining M1 in selectron pair production.
CONCLUSIONS
For a specific mSUGRA inspired scenario we have studied four processes in
different linear collider modes with polarized beams. Total cross sections, forward-
backward asymmetries and polarization asymmetries for production and leptonic
decay of supersymmetric particles are investigated with regard to their dependence
on the gaugino mass parameter M1. Neutralino production and decay in e
+e−
annihilation is very sensitive toM1 in the studied region. Combining measurements
of total cross sections, forward-backward asymmetries and polarization asymmetries
with different beam polarizations resolves ambiguities. For associated LSP-selectron
production and decay in eγ scattering the cross sections are larger and for suitably
polarized beams sensitive to M1 up to 300 GeV. Ambiguities can be resolved by
measuring different polarization asymmetries. The total cross section for chargino
pair production and decay in γγ scattering is sensitive onM1 only in the small region
50 GeV < M1 < 90 GeV. The forward-backward asymmetry of the decay electrons,
however, shows a signifcantM1 dependence up to 150 GeV without any ambiguities.
For selectron pair production and decay in e−e− scattering the cross section for right
polarized beams is sensitive to M1 in the large region 40 GeV < M1 < 1000 GeV
with one ambiguity. For a more realistic comparison of the four processes, Monte
Carlo studies including ISR and beamstrahlung are necessary.
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